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METHODS, CEMENT COMPOSITIONS AND 
OIL SUSPENSIONS OF POWDER 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to methods of cementing subterranean zones, 

cement compositions and oil suspensions of powder useful in cement compositions. 

2. DESCRIPTION OF THE PRIOR ART 

[0002] Hydraulic cement compositions are utilized in cementing subterranean zones 

penetrated by well bores. For example, hydraulic cement compositions are used in 
primary well cementing operations whereby strings of pipe such as casings and liners are 
cemented in well bores. In performing primary cementing, a cement composition is 
pumped into the annular space between the walls of a well bore and the exterior surfaces 
of a pipe string disposed therein. The cement composition is permitted to set in the 
annular space thereby forming an annular sheath of hardened substantially impermeable 
cement therein. The cement sheath physically supports and positions the pipe string in 
the well bore and bonds the exterior surfaces of the pipe string to the walls of the well 
bore whereby the undesirable migration of fluids between zones or formations 
penetrated by the well bore is prevented. 

[0003] In primary well cementing and in other subterranean cementing operations, large 

quantities of crystalHne and amorphous silica powder are often included in the cement 
compositions utilized. Crystalline silica powder is included in cement compositions to 
prevent cement compressive strength retrogression, i.e., the loss of compressive strength 



and increased pemeability. Amorphous silica powder is also commonly utilized as a 
light weight filler and to increase the cement compressive strength by reacting with lime 
to form calcium-silicate-hydrate gel. 

[0004] Heretofore, the crystalline and amorphous silica powder utilized have been 

combined with cement in mechanical blending equipment. As a result of the handling 
and mixing of the silica with the cement, significant amounts of the silica powder and 
dust are released into the atmosphere. Personnel in the area are often exposed to the 
powder and dust which can cause silicosis, a chronic disease of the Ixmgs caused by the 
inhalation of silica powder and dust. 

[0005] Thus, there is a need for eliminating the silica powder and dust produced during 

the handling and blending of silica with cement. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides methods, cement compositions and oil 

suspensions of silica powder which are combined with the cement compositions without 
the production of significant silica powder or dust which meet the needs described above 
and overcome the deficiencies of the prior art. 

[0007] The oil suspensions of silica powder of this invention are combined with cement 

and water in liquid form. Upon contacting the water, the oil suspension releases the 
suspended silica powder whereby it mixes with the cement and water without losses to 
the atmosphere. The oil suspensions of silica powder of this invention are basically 
comprised of silica powder, mineral oil, an oleophihc clay, an oleophilic surfactant and a 
hydrophilic surfactant. 
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[0008] The cement compositions of this invention are basically comprised of a hydraulic 

cement, water present in an amount sufficient to form a slurry and an oil suspension of 
silica powder that comprises silica powder, mineral oil, an oleophilic clay, an oleophilic 
surfactant and a hydrophilic surfactant. 

[0009] The methods of this invention for cementing a subterranean zone penetrated by a 

well bore are comprised of the following steps. A cement composition is prepared or 
provided comprising a hydraulic cement, sufficient water to form a slurry and an oil 
suspension of silica powder that comprises silica powder, mineral oil, an oleophilic clay, 
an oleophilic surfactant and a hydrophilic surfactant. The cement composition is placed 
in a subterranean zone to be cemented and thereafter the cement composition is allowed 
to set into a solid mass therein. 

[0010] The objects, features and advantages of the present invention will be readily 

apparent to those skilled in the art upon a reading of the description of preferred 
embodiments which follows. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
[0011] As mentioned above, this invention provides oil suspensions of silica powder that 

can be quickly and easily added to a cement composition without the release of silica 
powder and dust. The oil suspensions can contain fine or coarse crystalline silica 
powder or amorphous silica powder, or both. When an oil suspension of silica powder 
of this invention is combined with a cement composition containing cement and water, 
the silica powder is released into the cement composition. 
[0012] The oil suspensions of silica powder of this invention are comprised of silica 

powder, mineral oil, an oleophilic clay, an oleophilic surfactant and a hydrophilic 
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surfactant. As mentioned, the silica powder in the oil suspension can be crystalline silica 
powder or amorphous silica powder, or both. Crystalline silica powder is utilized in 
cement compositions to prevent cement compressive strength retrogression at high 
temperatures. In addition to preventing the loss of compressive strength, the undesirable 
increase in cement permeability that also takes place is prevented. The presence of 
amorphous silica powder in the cement composition functions as a light weight filler and 
increases the compressive strength by reacting with lime to form calcium-silicate- 
hydrate gel. 

[0013] The crystalline silica powder utilized in cement compositions can have a particle 

size in the general range of from about 15 microns to about 350 microns. The crystalline 
silica powder is generally present in the oil suspension in an amount in the range of from 
about 45% to about 52% by weight of the suspension. Amorphous silica powder has a 
particle size in the general range of from about 5 microns to about 25 microns. When 
used, the amorphous silica powder is generally present in the oil suspension in an 
amount in the range of from about 43% to about 47% by weight of the suspension. 

[0014] When coarse crystalline silica powder is included in a cement composition, it 

usually has a particle size in the range of from about 175 microns to about 350 microns. 
Such coarse crystalline silica is commercially available under the trade designation 
"SSA-1™" from Halliburton Energy Services of Duncan, Oklahoma. When fine 
crystalline silica powder is utilized in a cement composition, it usually has a particle size 
in the range of from about 16 microns to about 20 microns. Such a fine crystalline silica 
is commercially available from Halliburton Energy Services of Duncan, Oklahoma 
under the trade designation "SSA-2™". When amorphous silica powder is utilized, it 
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usually has a particle size in the range of from about 5 microns to about 20 microns. 
Such amorphous sihca is commercially available from Halliburton Energy Services of 
Duncan, Oklahoma under the trade designation "SILICALITE™". 
[0015] When used, coarse crystalline silica powder is included in the oil suspension of 

this invention in an amount in the range of from about 47% to about 52% by weight of 
the suspension and fine crystalline silica is included in the oil suspension in an amount in 
the range of from about 47% to about 52% by weight of the suspension. When 
amorphous silica is used, it is generally present in the oil suspension in an amount in the 
range of from about 43% to about 47% by weight of the suspension. 

[0016] The suspensions and methods of the present invention may be suitable for or used 

with any component of a cement composition that may be provided in powder form. 
Particularly suitable powders have a particle size in the range of from about 5 microns to 
about 350 microns. Examples of such components that may be provided in powder form 
include, but are not limited to, micro-silica, silica flour, fine silica flour, silica sand, fine 
particle size cement, ultra-fine particle size cement, fly ash, slag, vitrified shale and 
zeolite. In an embodiment of the invention, the powder is present in the suspension in an 
amount in the range of from about 43% to about 52% by weight of said suspension. 
Methods of using the suspensions include preparing or providing a cement composition 
comprising a hydraulic cement, sufficient water to form a slurry and an oil suspension of 
the powder that comprises mineral oil, an oleophilic clay, an oleophilic surfactant and a 
hydrophilic surfactant; placing said cement composition in a subterranean zone; and 
allowing said cement composition to set therein. The water is present in said cement 
composition in an amount in the range of from about 35% to about 65% by weight of 
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hydraulic cement therein and the oil suspension is present in said cement composition in 
an amount in the range of from about 10% to about 70% by weight of hydraulic cement 
therein. 

[0017] The mineral oil utilized in the oil suspension of this invention preferably has a 

viscosity at 100°F in the range of from about 60 saybolt seconds to about 100 saybolt 
seconds, more preferably 70 saybolt seconds. The mineral oil is generally included in 
the oil suspension in an amount in the range of from about 40% to about 55% by weight 
of the oil suspension. 

10018] The oleophilic clay is included in the oil suspension to provide viscosity and 

texture to the mineral oil and to maintain the silica powder in suspension. The amount 
of oleophilic clay included in the oil suspension depends on the amount of silica to be 
suspended as well as the particle size of the siUca powder. Generally, the oleophilic clay 
is present in the oil suspension in an amount in the range of from about 0.75% to about 
5.5% by weight of the suspension. A particularly suitable oleophilic clay is 
commercially available from the Southem Clay Company of Gonzales, Texas. 

[0019] The oleophilic surfactant included in the oil suspension ftmctions to cause the clay 

particles to be coated with mineral oil and to readily become suspended therein. 
Examples of oleophilic surfactants that can be utilized include, but are not limited to, 
sorbitantrioleate, sorbitantrilaurate, sorbitantripalmitate, sorbitantristearate and 
sorbitantrisesquioleate. Of these, sorbitantrioleate is preferred. The oleophilic surfactant 
utilized is generally included in the oil suspension in an amount of the range of from 
about 0.1% to about 0.2% by weight of the oil suspension. 
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[0020] The hydrophilic surfactant in the oil suspension functions to release the suspended 

silica from the oil suspension when the oil suspension is combined with a cement 
composition containing water. When released, the silica powder is dispersed in the 
cement composition by stirring or blending. Examples of hydrophilic surfactants which 
can be utilized include, but are not limited to, polyethoxylated sorbitantrioleate, 
polyethoxylated sorbitantrilaurate, polyethoxylated sorbitantripalmitate, polyethoxylated 
sorbitantristearate and polyethoxylated sorbitantrisesquioleate. Of these, 
polyethoxylated sorbitantrioleate is preferred. The term "polyethoxylated" is used 
herein to mean that the surfactant is substituted with at least 20 moles of ethylene of 
oxide. The hydrophilic surfactant utilized is generally present in the oil suspension in an 
amount in the range of from about from about 2.5% to about 3.5% by weight of the 
suspension, 

[0021] A particularly suitable oil suspension of this invention containing coarse 

crystalline silica having a particle size in the range of from about 1 75 microns to about 
350 microns is comprised of the following components: coarse crystalline silica present 
in an amount of about 50% by weight of the oil suspension; mineral oil having a 
viscosity at 100°F of 70 saybolt seconds present in an amount of about 42.9% by weight 
of the suspension; oleophilic clay present in an amount of about 4% by weight of the 
suspension; a sorbitantrioleate oleophilic surfactant present in an amount of about 0.1% 
by weight of the suspension; and a polyethoxylated sorbitantrioleate hydrophilic 
surfactant present in an amount of about 3% by weight of the suspension. 

[0022] A particularly suitable oil suspension of fine crystalline silica having a particle 

size in the range of from about 16 microns to about 20 microns is comprised of the 
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following components: fine crystalline silica present in an amount of about 50% by 
weight of the oil suspension; mineral oil having a viscosity at 100°F of 70 saybolt 
seconds present in an amount of about 43.9% by weight of the suspension; oleophilic 
clay present in an amount of about 3% by weight of the suspension; a sorbitantrioleate 
oleophilic surfactant present in an amount of about 0.1% by weight of the suspension; 
and a polyethoxylated sorbitantrioleate hydrophilic surfactant present in an amount of 
about 3% by weight of the suspension. 
[0023] A particularly suitable oil suspension of amorphous silica having a particle size in 

the range of from about 5 to about 20 microns is comprised of the following 
components: amorphous silica present in an amount of about 45% by weight of the 
suspension; mineral oil having a viscosity at 100°F of 70 saybolt seconds present in an 
amount 50.9% by weight of the suspension; oleophilic clay present in an amount of 
about 1% by weight of the suspension; a sorbitantrioleate oleophilic surfactant present in 
an amount of about 0.1% by weight of the suspension; and a polyethoxylated 
sorbitantrioleate hydrophilic surfactant present in an amount of about 3% by weight of 
the suspension. 

[0024] A cement composition of this invention is comprised of the following 

components: a hydraulic cement, water present in an amount sufficient to form a slurry 
and an oil suspension of silica powder that comprises silica powder, mineral oil, an 
oleophilic clay, an oleophilic surfactant and a hydrophilic sxirfactant. 

[0025] As is well understood by those skilled in the art, the cement compositions of this 

invention can also include a dispersant, a set retarder, a fluid loss control additive, a light 
weight or heavy weight additive and other additives depending on the well conditions. 
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[0026] Examples of hydraulic cements which can be utilized in the cement compositions 

include, but are not limited to, Portland cements, slag cements, pozzolana cements, 
gypsum cements, aluminous cements, alkaline cements and mixtures thereof. Of these, 
Portland cement is preferred. 

[0027] The water utilized in the cement compositions can be fresh water or salt water. 

The term "salt water" is used herein to mean unsaturated salt solutions and saturated salt 
solutions including brines and seawater. The water is present in the cement composition 
in an amount sufficient to form a slurry which is generally in the range of from about 
35% to about 65% water by weight of hydraulic cement in the cement composition. 

[0028] The oil suspension containing the crystalline and/or amorphous silica powder is 

present in the cement composition in an amount in the range of from about 10% to about 
70% by weight of hydraulic cement therein. 

[0029] The components in the oil suspension, i.e., silica powder, mineral oil, an 

oleophilic clay, an oleophilic surfactant and a hydrophilic surfactant are the same as 
those described above and are present in the amounts set forth above. 

[0030] The methods of cementing a subterranean zone penetrated by a well bore of this 

invention are basically comprised of the following steps. A cement composition is 
prepared or provided comprising a hydraulic cement, sufficient water to form a slurry 
and an oil suspension of silica powder that comprises silica powder, mineral oil, an 
oleophilic clay, an oleophilic surfactant and a hydrophilic surfactant. The cement 
composition is placed in the subterranean zone to be cemented and thereafter the cement 
composition is allowed to set into a solid mass therein. The components of the cement 
composition and the components of the oil suspension of silica powder are the same as 
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those described above and are present in the amounts set forth above. As mentioned 
above, various well known additives can also be included in the cement composition. 
[0031] In an embodiment of the invention, an oil suspension of silica powder comprises: 

silica powder; mineral oil; an oleophilic clay; an oleophilic surfactant; and a hydrophilic 
surfactant. 

[0032] In an embodiment of the invention, the cement composition comprises: a 

hydraulic cement; water present in an amount sufficient to form a slurry; and an oil 
suspension of silica powder that comprises silica powder, mineral oil, an oleophilic clay, 
an oleophilic surfactant and a hydrophilic surfactant. 

[0033] In an embodiment of the invention, a method of cementing a subterranean zone 

penetrated by a well bore comprises: (a) preparing or providing a cement composition 
comprising a hydraulic cement, sufficient water to form a slurry and an oil suspension of 
silica powder that comprises silica powder, mineral oil, an oleophiUc clay, an oleophilic 
surfactant and a hydrophilic surfactant; (b) placing the cement composition in the 
subterranean zone; and (c) allowing the cement composition to set into a solid mass 
therein. 

[0034] In order to further illustrate the oil suspensions of silica powder of this invention, 

the following examples are given: 

EXAMPLE 1 

[0035] A mineral oil suspension of coarse silica having a particle size in the range of 

fi-om 175 microns to 350 microns was prepared comprised of 50% coarse silica, 42.9% 
mineral oil having a viscosity at lOO^F of 70 saybolt seconds, 4% oleophilic clay, 0.1% 
sorbitantrioleate oleophilic surfactant and 3% polyethoxylated sorbitantrioleate 
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hydrophilic surfactant (ethoxylated with 20 moles of ethylene oxide), all by weight of 
the oil suspension. The mixture was thoroughly stirred and allowed to stand at room 
temperature until it attained a temperature in the range of from 70 to 75°F. A sample of 
the oil suspension was then placed in a centrifuge tube and subjected to 6 minutes of 
rotation at 1,000 revolutions per minute. The resulting oil suspension did not exhibit 
separation, setth'ng or sludging over time. 

EXAMPLE 2 

[0036] A mineral oil suspension of fine silica having a particle size in the range of from 

16 to 20 microns was prepared comprised of 50% fine silica, 43.9% mineral oil having a 
viscosity at 100°F of 70 saybolt seconds, 3% oleophilic clay, 0.1% sorbitantrioleate 
oleophilic surfactant and 3% polyethoxylated sorbitantrioleate hydrophilic surfactant 
(substituted with 20 moles of ethylene oxide), all by weight of the oil suspension. The 
mixture was thoroughly stirred and allowed to stand at room temperature until it attained 
a temperature in the range of from 70 to 75°F. 

A sample of the oil suspension was then placed in a centrifiige tube and subjected 
to 6 minutes of rotation at 1,000 revolutions per minute. The resulting oil suspension did 
not exhibit separation, settling or sludging over time. 

EXAMPLE 3 

[0037] A mineral oil suspension of amorphous silica having a particle size in the range of 

from 5 to 20 microns was prepared comprised of 45% amorphous silica, 50.9% mineral 
oil having a viscosity at lOO^F of 70 saybolt seconds, 1% oleophilic clay, 0.1% 
sorbitantrioleate oleophilic surfactant and 3% polyethoxylated sorbitantrioleate 
hydrophilic surfactant (ethoxylated with 20 moles of ethylene oxide), all by weight of 



-11- 



the oil suspension. The mixture was thoroughly stirred and allowed to stand at room 
temperature until it attained a temperature in the range of from 70 to 75°F. A sample of 
the oil suspension was then placed in a centrifuge tube and subjected to 6 minutes of 
rotation at 1,000 revolutions per minute. The resulting oil suspension did not exhibit 
separation, settling or sludging over time. 

[0038] Thus, the present invention is well adapted to carry out the objects and attain the 

ends and advantages mentioned as well as those which are inherent therein. While 
numerous changes may be made by those skilled in the art, such changes are 
encompassed within the spirit of this invention as defined by the appended claims. 

[00391 What is claimed is: 
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